, respectively. The equilibrium geometries, harmonic vibrational frequencies, IR and the Raman scattering intensities were computed using DFT/6-311++G (d,p) level of theory. A detailed interpretation of the IR and Raman spectra, based on the TED of the normal modes. Molecular parameters such as bond lengths, bond angles and dihedral angles were calculated. The ICT was studied by NBO analysis. The electronic transistion was studied using UV-Vis spectrum. The first order hyperpolarizability, band gap energy, MEP map, Mulliken atomic charges were calculated using the same level of basis set. The thermodymanic properties were also calculated.
FT-IR, FT-Raman and UV-Visible spectral analysis on (E)-N′-(thiophen-2-ylmethylene) nicotinohydrazide

INTRODUCTION
Pyridine is a basic heterocyclic organic compound with the chemical formula C 5 H 5 N. It is structurally related to benzene, with one methine group (=CH-) replaced by a nitrogen atom. The pyridine ring occurs in many important compounds, including azines and the vitamins niacin and pyridoxal. Pyridine is used as a precursor to agrochemicals and pharmaceuticals and is also an important solvent and reagent. It is used in the in vitro synthesis of DNA, in the synthesis of sulfapyridine (a drug against bacterial and viral infections), anti-histaminic drugs tripelennamine and mepyramine, as well as water repellents, bactericides, and herbicides. Some chemical compounds, although not synthesized from pyridine, contain its ring structure. They include B vitamins niacin and pyridoxal, an antituberculosis drug isoniazide, nicotine and other nitrogen-containing plant products (Encyclopoedia Britannica).
Thiophene ring and its derivatives have been reported to possess broad spectrum of biological properties including anti-inflammatory, analgesic, antidepressant, anti-microbial and anti-convulsant activities (Molvi et al., 2007; Rai et al., 2008 and Asthalatha et al., 2008) . Antiepileptic drugs like tiagabine, etizolam, brotizolam are containing thiophene moiety in their structures as active pharmacophore (Polivka et al., 1984 and Noguchi et al., 2004) . In addition, thiophene derivatives functionalized with the formyl group are versatile building blocks for the synthesis of donor-acceptor substituted p-conjugated systems for several optical applications.
In organic molecule, the hydrazone group brings out several physical and chemical properties. The hydrazones are bearing the structure >C=N-N< which leads the molecule towards nucleophilic and electrophilic in nature. In the hydrazone moiety, the nitrogen and carbon atoms respectively behave as nucleophilic and nucleophilic as well as electrophilic in nature (Kim and Yoon, 2004; Brehme et al., 2007; Belskaya et al., 2010) . The benzohydrazide derivatives show wide spectrum of biological activities such as anti-bacterial (Kitaev et al., 1970) , anti-fungal (Dadiboyena and Nefi, 2011) In the previous chapter, we reported the structure, vibrational assignments,
NLO, NBO, analysis of (E)-N′-(furan-2-ylmethylene)nicotinohydrazide (F2CNH),
with aid of TED calculation to justify the precision of the vibrational assignments.
Literature survey reveals that the vibrational analysis of (E)-N′-(thiophen-2-ylmethylene) nicotinohydrazide (T2CNH)
has not yet been reported. The title molecule was synthesized and hence its structural characterization was made by B3LYP/6-311++G(d,p) level of theory. The spectral investigation such as FT-IR,
FT-Raman and UV-Vis spectra were recorded. The observed spectral results were compared with the computed wavenumber. The vibrational assignments were carried out with the help of TED. The First order hyperpolarizability, Homo-Lumo energy gap were calculated and furthermore, the MEP and thermodynamic properties were also calculated.
EXPERIMENTAL DETAILS
Synthesis Procedure
A mixture of Thiophene-2-carboxaldehyde (2.1 mL, 0.01 mol) and nicotinic acid hydrazide (1.37 g, 0.01 mol) in 5 ml of ethanol was stirred in the presence of 2 drops of concentrated HCl for one hour. The reaction mixture was maintained at room temperature and the colourless solid was obtained. The solid was separated and filtered under suction, washed with ice-cold water (50 ml). The precipitate was washed with water and filtered and again washed with petroleum ether (40-60%) and dried over in a vacuum desicator then the product was recrystallized from hot ethanol.
RESULTS AND DISCUSSION
Molecular Geometry
The molecule T2CNH was optimized by B3LYP/6-311++G(d,p) level of calculation. This molecule consists of thiophene and pyridine rings are fused by hydrazone linkage. The calculated bond length of C 2 -S 1 is expected to be shorter than the C 5 -S 1 bond length, since the hydrozone moiety is attached with C 2 atom and their corresponding bond distances are 1.750 and 1.728Å. The bond distances of C 2 =C 3 , C 3 -C 4 , C 4 =C 5 are 1.377, 1.418, 1.369Å and the bond angles of C 2 -C 3 -C 4 , C 3 -C 4 -C 5 are 113.02°, 113.03°. The bond angles S 1 -C 2 -C 3 and S 1 -C 5 -C 4 are differ by ~1°which is due to the shortning of bond distance between S 1 and C 2 atoms. The dihedral angles of S 1 -C 2 -C 9 -N 11 /S 1 -C 2 -C 9 -H 10 and C 3 -C 2 -C 9 -N 11 /C 3 -C 2 -C 9 -H 10 are -179.96°/-0.07°and 0.03°/+179.93°, respectively, which shows that the thiophen and hydrozone moieties of T2CNH are co-planar. Since there is a good conjugation between p-orbitals of all atoms of thiophen and hydrazone moieties.
Most of the calculated geometrical parameters agreeable with our previous study in the case of F2CNH, and also find support from X-ray diffraction values (Brathen et al., 1986 and Geiger et al., 2012) . It should be mentioned that there is no significant difference between the geometrical parameters of the hydrozone and pyridine moieties (Brathen et al., 1986 and Geiger et al., 2012) in both molecules (F2NCH & T2CNH). The geometrical parameters and optimized structure of the title molecule are presented in Table 5 .1 and Fig. 5 .1, respectively.
Vibrational Assignments
The title molecule belongs to C s point group symmetry. It consists of 25 atoms which undergoes 69 normal modes of vibrations. In which 47 modes of vibrations are in-plane and 22 are out-of-plane bending vibrations and all of them are IR and Raman active (Cotton, 1965) . The observed and calculated vibrational wavenumbers using B3LYP/6-311++G(d,p), along with their relative intensities are given in Table 5 .2. The TED was calculated using SQM program (Rauhut and Pulay, 1995) . The combined vibrational spectra of T2CNH are shown in Figs. 5.2 and 5.3.
N-H Vibrations
The N-H stretching vibration occurs in the region of 3300-3500 cm -1 (Belamy, 1980) . In F2CNH, the ν N-H mode was assigned at 3367 cm and these assignments also find support from TED values (22% and 61 %).
C-H Vibrations
In aromatic compounds, the ν CH , β CH and Γ CH vibrations are expected to appear in the ranges of 3100-3000 cm , respectively (Varsanyi, 1974; Sathyanarayanan, 2000) . In this study, the aromatic C-H stretching vibration is observed at 3059 cm (mode nos: 9, 19, 37) are made in the present study. These assignments are further supported by literature (Babu et al., 2014) and TED output.
C=C, C-C Vibrations
In the pyridine ring, the ν ) are attributed to νC 2 -C 9
and νC 14 -C 16 mode and are in agreement with our previous study (F2CNH-Chapter IV).
C=N, C-N Vibrations
The identifications of C=N and C-N vibrations is a difficult task, since the mixing of vibrations is possible in this region (Silverstein et al., 1981) . However, with the help of Gauss View (3.0) software and TED results, those vibrations are (mode nos: 47, 57, 61, 61).
N-N Vibrations
The ν N-N stretching was assigned at 1152 (FTIR/FT-Raman) with medium intensity in the case of (E)-1-((Pyridine-2-yl) methylene) semicarbazide (Subashchandrabose et al., 2015) . In another study (Babu et al., 2014) , the same mode was observed at 1145 cm -1 in FTIR is undoubtedly assigned to νN 11 -N 12 vibration and the value of this band is calculated at 1148 cm (mode nos: 63, 59) are assigned to τC 9 =N 11 -N 12 -C 14 , τC 2 -C 9 =N 11 -N 12 modes.
C-S Vibrations
In T2CNH the scaled wavenumbers 791 and 718 cm 
C=O Vibrations
The carbon-oxygen double bond is formed by Pπ-Pπ bonding between carbon and oxygen atoms. Carbonyl (C=O) group stretching vibration is expected to occur in the region 1680-1715 cm -1 (James et al., 2008) . In this study, the carbonyl group stretching vibration appear at 1670 cm . These assignments are in agreement with our earlier study (F2CNH-Chapter IV).
NLO Property
Analysis of organic compounds having conjugated π-electron systems and large hyperpolarizability using IR and Raman spectroscopy has evolved as a subject of research. The potential application of the title molecule in the field of non-linear optics demands the investigation of its structural and bonding features contributing to the hyperpolarizability enhancement by analyzing the vibrational modes using IR and Raman spectroscopy. The B3LYP/6-311++G(d,p) method has been used for the prediction of first hyperpolarizability. The calculated first hyperpolarizability and the total molecular dipole moment of T2CNH is
esu, 0.9906 Debye, respectively obtained by p) method. The total dipole moment of the title compound is moderately equal and β 0 value of T2CNH is 4 times greater than that of urea, hence the molecule T2CNH has considerable NLO activity and the hyperpolarizabilities of T2CNH are given in Table 5 .3.
NBO Analysis
This method gives information about the intra-, inter-molecular bonding and interactions among bonds. Furthermore, it provides a convenient basis for investigating the interactions in both filled and virtual orbital spaces along with charge transfer and conjugative interactions in molecular system (Weinhold et al., 2005) . NBO analysis was performed for T2CNH using B3LYP/6-311++G (d,p) basis set in order to elucidate the intra-molecular, hybridization and delocalization of ED within T2CNH. The strong intra-molecular hyperconjugative interaction of the σ and π electrons of C−C to the anti C−C bond of the pyridine ring leads to stabilization of some part of the pyridine ring. The E (2) values and types of the transition are shown in Table 5 .4.
The larger E Table 5 .5. The frontier molecular orbitals of T2CNH are listed in Table 5 .6. The atomic compositions of frontier molecular orbitals are shown in Fig.   5 .4. The HOMO is located over the thiophene and hydrozone moieties. The LUMO is located over pyridine ring. The LUMO transition implies that an ED transfer to pyridine ring via hydrazone linkage.
UV-Vis Spectra
The UV-Vis absorption spectrum of T2CNH was recorded in the range A DOS of zero intensity means that no states can be occupied by the system. The variation in the peak height is due to the movement of electrons between the C=C and C-C in the ring of the molecule. The peak at certain energies, decreases from the value due to the movement of electrons between the C=C and C-C in the ring of the molecule.
Molecular Electrostatic Potential
The MEP is widely used as a reactivity map displaying most probable regions for the electrophilic attack of charged part on organic molecule. MEP plot provides a simple way in predicting the interaction of different geometries. In order to predict the reactive sites for electrophilic and nucleophilic attacks of the T2CNH, MEP was calculated with B3LYP/6-311++G(d,p) basis set. The negative (red color) and positive (blue color) regions of MEP are related to electrophilic and nucleophilic reactivity respectively is shown in Fig. 5 .7. The negative region is located over the carbonyl group and the positive region is located over Hydrogen atoms in the hydrazone linkage.
Mulliken Atomic Charges
Mulliken atomic charge calculation has an important role in the application of quantum chemical calculation to molecular system, because the atomic charges affect dipole moment, polarizability, electronic structure and more a lot of properties of molecular systems. The total atomic charges of T2CNH are calculated by Mulliken population analysis with B3LYP/6-311++G (d,p) basis set are listed in Table 5 .8. The Mulliken atomic charge plot for T2CNH is shown in Fig. 5 .8. The C 9 /C 3 atoms have the highest negative/positive charges, respectively among the other atoms in T2CNH due to the resonance.
Thermodynamic Properties
Several thermodynamic parameters have been calculated using B3LYP/6-311++G(d,p) basis set and are listed in Table 5 .9. The thermodynamic functions viz, entropy (S 0 m ) enthalpy (ΔH 0 m ) and heat capacity at constant pressure (C 0 p,m )
for T2CNH was calculated from the theoretical harmonic wavenumbers obtained from B3LYP/6-311++G(d,p) basis set in the range 100-1000 k and are listed in Table 5 .10. It is evident from the Table 5 .10, that the thermodynamic parameters increase with rise of temperature due to the fact that the molecular vibrational intensities increase with temperature (Ott, 2000) . The correlation equations between these thermodynamic properties and temperature were fitted by parabolic formula and the regression coefficient is also given in the parabolic equation 
CONCLUSION
A complete vibrational analysis was performed using quantum chemical calculation at DFT method for the first time to the molecule T2CNH. The calculated bond parameters were agree well with the related XRD data. In T2CNH, the thiophene and hydrazone moieties were co-planar, which show a good conjuction between p-orbitals of all atoms of thiophene and hydrazone moieties. 
